HM-1 killer toxin (HM-1), produced by the yeast Williopsis saturnus var. mrakii IFO 0895, is a strong anti-yeast protein and belongs to the K9-type killer toxin group. [1] [2] [3] [4] [5] HM-1 consists of 88 amino acids and is stable to heat treatment and various pH conditions. The three-dimensional structure of HM-1 has been elucidated using nuclear magnetic resonance.
6) The interactions of HM-1 with sensitive yeast are evaluated in two steps: an initial binding to cell-wall polysaccharides and a secondary binding to its receptor localized in the cell membrane. [7] [8] [9] [10] HM-1 interferes with the cell-wall synthesis of sensitive cells through inhibition of b-1,3-glucan synthase, and forms pores at the budding tips of dividing cells following the spouting of cellular materials leading to cell death. 5, 11, 12) Through these processes, two specific arginine residues of HM-1, Arg-82 and Arg-86, are required for the cytocidal effect on yeast Saccharomyces cerevisiae. 13) In addition to these properties, the unique property of HM-1 was its inability to destroy the spheroplasts of sensitive yeast cells. 14) But the morphology of spheroplasts was affected by HM-1, resulting in a perfectly round shape with an increase in the volume and cellular vacuoles.
In the present study, two purified monoclonal antibodies, 1F1 and 4A2, and ployclonal antiserum were prepared to establish quantitative determination of HM-1 by sandwich enzyme-linked immunosorbent assay (ELISA). The characterizations of two monoclonal antibodies were carried out, and the sandwich ELISA of HM-1 was established to quantitate HM-1 and its analogues produced by a mutant HM-1 genebearing yeasts into culture broth.
MATERIALS AND METHODS

Materials
Purified HM-1 and mutant HM-1 gene-bearing yeasts were prepared in our laboratory as reported previously. 5 15)
The 39 peptides were synthesized, each of which consisted of 12 amino acid residues with 10 residues overlapping to the next peptide. Each spot (3.7 mmϫ3.7 mm) carries about 5 nmol peptides, with acetylation in the N-terminal, they are C-terminally attached to the membrane with two b-alanine spacers. Methods Mouse monoclonal antibody isotyping was carried out according to the method described by Amersham Pharmacia Biotech UK Ltd.
16) The killing activity of HM-1 was measured by the broth culture method as reported previously using S. cerevisiae A451 as a test strain. 5) Mutant HM-1 gene-bearing yeasts were grown in YPGal plus 0.5% sucrose medium, as reported previously.
13)
SPOTs Analysis SPOTs analysis was carried out according to the technical manual of Sigma Genosys at room temperature. 17) Briefly, after blocking the membrane with blocking solution, the membrane was incubated with 20 mg/ml monoclonal antibody for 3 h. The membrane was washed three times with a washing solution consisting of 50 mM Tris-HCl (pH 8.0), 137 mM NaCl, 2.7 mM KCl, and 0.05% Tween 20 for 10 min each, followed by incubation with 7.4 mg/ml horseradish peroxidase-conjugated antimouse IgG for 2 h. After washing of the membrane as described above, 0.02% 3-amino-9-ethylcarbazole solution containing 0.006% H 2 O 2 in 48 mM acetate buffer (pH 5.0) was added. After 30 min of reaction, the color was developed on the membrane and it was recorded by photography. To establish a method for quantitative analysis of HM-1 killer toxin (HM-1), two purified mouse monoclonal antibodies, 1F1 and 4A2, and rabbit polyclonal antiserum against HM-1 were prepared. Both monoclonal antibodies were classified as IgG1(k k) subtype, and did not neutralize the killing activity of HM-1. By SPOTs analysis, the epitope of 1F1 was found in the sequence of CDPNTG with a corresponding sequence of 11-16 from Nterminal amino acid residues of HM-1, but the epitope of 4A2 was not determined. Using 4A2 and polyclonal antiserum, the sandwich enzyme-linked immunosorbent assay (ELISA) was applied to establish the quantitative determination of HM-1. The concentration of HM-1 was determined successfully at the range of 2.5-100 ng/ml. But in the case of 1F1, the method was not established. Genes were constructed to apply the system to the measurement of the secreted concentrations of mutant HM-1, and it was evident that the production of mutant toxins varied among HM-1 mutant genes. The findings of this study are unique in determinimg the epitope of monoclonal antibody against HM-1, and in quantifying the HM-1 using the spot analysis and sandwich ELISA methods.
Monoclonal Antibodies and Sandwich ELISA for Quantitation of HM-1 Killer Toxin
Sandwich ELISA Sandwich ELISA was performed according to the method of Kan et al., 18) with some modifications, and the assay was carried out in triplicate for each sample. The method was performed in the following sequential steps: (i) each well of the 96-well ELISA plate was coated with 50 ml of 10 mg/ml monoclonal antibody in 50 mM Tris-HCl (pH 7.5) (TB) and kept at 4°C in the dark for 1 h, followed by 3 repeated washings with 0.9% NaCl, (ii) each well was filled with 300 ml of 1% bovine serum albumin (BSA) in TB as a blocking agent and kept at 4°C overnight, followed by washing in the same way, (iii) samples, 50 ml each, diluted with 1% BSA in TB was added to each well and was incubated at 30°C for 1 h followed by washing, (iv) anti-HM-1 rabbit antiserum, 100 ml (diluted 1000 fold) was added to each well and incubated and washed in the same way as previous step, (v) one hundred microliters of horseradish peroxidase-conjugated anti-rabbit IgG (0.8 mg/ml) diluted with 1% BSA in TB was added to each well and incubated at 30°C for 30 min, then washed thereafter, (vi) ophenylenediamine solution, 100 ml, at a final concentration of 0.1% containing 0.01% H 2 O 2 in TB was added to each well and incubated at 30°C for 10 min for color development, (vii) the color reaction was stopped by the addition of 100 ml of 1 N HCl, and the absorbance was read at 490 nm with a microplate reader. The average absorbance values were analyzed in comparison with the standard curve for HM-1.
RESULTS AND DISCUSSION
Characterization of Anti-HM-1 Mouse Monoclonal
Antibodies Two clones of anti-HM-1 mouse monoclonal antibody, 1F1 and 4A2, were classified as IgG1(k) subtype using a mouse monoclonal antibody isotyping kit (data not shown). On sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 19) both antibody samples showed only heavy and light chain bands with molecular size of about 57-kDa and 25-kDa, respectively, indicating the purity of monoclonal antibodies (data not shown). The effects of 1F1 and 4A2 on yeast growth and killing activity of HM-1 are shown in Table  1 . Both antibodies showed almost no effect on yeast growth or killing activity of HM-1 at the concentration of 15 mg/ml. These results indicate that tested monoclonal antibodies do not bind to the active site of HM-1.
SPOTs Analysis of Monoclonal Antibodies
The results of SPOTs analysis for 1F1 and 4A2 are shown in Figs. 1A and B. In the case of 1F1, clear positive spots were observed in spot numbers 3 to 6. The amino acid sequences of spots 3, 4, 5, and 6 corresponding with the N-terminal moiety of HM-1 were LIMCKNCDPNTG, MCKNCDPNTGSC, KNCDPNTGSCDW, and CDPNTGSCDWKQ, respectively (Fig. 1C) . 2, 20) Therefore, 1F1 was located on the linear epitope in the sequence of CDPNTG corresponding to the sequence 11-16 from N-terminal amino acid of HM-1. But in the case of 4A2, the positive spot was not observed, indicating that the epitope of 4A2 is a discontinuous type.
Quantitation of HM-1 From a standard curve obtained in our sandwich ELISA method, a unique property was obtained between 1F1 and 4A2. When 4A2 was used as a monoclonal antibody, the sandwich ELISA succeeded in the HM-1 concentration range of 2.5-100 ng/ml. But when 1F1 was used as a monoclonal antibody, the color development that was catalyzed by horseradish peroxidase was of reduced intensity compared to the normal. Using 1F1 or 4A2 as a monoclonal antibody, the same results were obtained with HYI killer toxin, which had 87% similarity in primary structure with HM-1. 4, 21) Although a strong binding of 1F1 to HM-1 was observed by the dot-blotting method (data not shown), monoclonal antibody 1F1 is not useful for sandwich ELISA at present for reasons unknown. We applied the sandwich ELISA to measure the secreted amounts of HM-1 and its mutant analogues into culture medium using 4A2 as monoclonal antibody (Fig. 2) . However, the addition of culture medium to sample solution yielded color by horseradish peroxidase with a lower intensity by about 30%. Therefore, we made the standard curve with the addition of medium. In respect to cell growth, R85A HM-1 gene-bearing yeast produced an HM-1 analogue as high as wild type gene-bearing yeast. On the other hand, R61A and R86A HM-1 gene-bearing yeasts produced lower amounts of HM-1 analogues, by 10% and 0.5% that of wild type, and these were not increased at the later growth phase up to 4 d of incubation.
The sandwich ELISA is a sensitive, specific and useful method for the quantitative assay of proteins in nanogram. 18) In this study, the epitope of 1F1 was successfully determined, and using epitope-unknown 4A2 and rabbit antiserum, the sandwich ELISA method for quantifying HM-1 was established. The application for the quantitation of HM-1 and its analogues produced by HM-1 mutant gene-bearing yeast was successful, and the results showed that the production of HM-1 and its analogues varied among the mutant HM-1 gene-bearing yeasts. 692 Vol. 27, No. 5 Each 15 mg/ml of 1F1 and 4A2 and 0.3 mg/ml HM-1 were added to culture medium, and the yeast growth was measured by the absorbance at 600 nm, as reported previously.
5) The yeast growth percentage was calculated from triplicate samples compared with the appropriate control (as 100%), and shown with standard deviation. 
